1. Introduction {#sec1}
===============

While writings of Hippocrates and Celsus contain the first known references to intestinal suturing, the 19^th^ century advents of anesthesia and aseptic technique have permitted the evolution of modern visceral surgery \[[@B1]\]. Historically, Sir Astley Cooper is often credited with the first successfully sutured intestinal anastomosis in 1806. Travers then published further scientific inquiry of intestinal repair, and these techniques were further adapted in 1826 when Lembert introduced an inverted extramucosal suturing method to prevent invagination and ensure serosa to serosa repair \[[@B1]\]. In 1834 and 1841, respectively, Dupuytren and Appolito developed continuous multilayered suturing techniques \[[@B2]\]. Though technique adaptation has undergone minor developments since, most recent changes have been to anastamotic materials, initially with the creation of newer sutures and, most recently, creation of the circular stapling devices, invented in Russia in the 1960s and first described by Ravitch and Steichen in 1979 \[[@B3]\].

Presently, either single-stitch or continuous handsewn absorbable sutures or stapler devices with nonabsorbable staples are most commonly used \[[@B2]\]. Principally, the stapler device places two or more rows of staples and divides the tissue in between the staple lines \[[@B4], [@B5]\]. There are circular (EEA type) and linear (GIA type) stapling devices, the latter used for side-to-side anastomoses and the former used for end-to-end or end-to-side anastomoses \[[@B6]\]. To generate a viable anastomosis, factors like adequate perfusion, freedom from tension at the anastomotic site, and absence of distal obstruction and mesenteric twisting are favorable \[[@B7]\]. To bolster the anastomosis, on occasion omentoplasty (i.e., covering of the anastomosis with the greater omentum) may be performed \[[@B8]\].

Despite substantial progress in surgical techniques and imaging methods, anastomotic leakage remains a major complication following bowel surgery and carries a high rate of morbidity and mortality \[[@B9]\]. Reported colorectal leakage rates range between 4 and 26% and lead to increased hospital costs, lengths of stay, readmissions, reoperations, procedures, complications, and death \[[@B8], [@B10]--[@B13]\]. The International Study Group of Rectal Cancer (ISGRC) proposed defining anastomotic leakage (following anterior rectal resection) as "a defect of the integrity of the intestinal wall at the anastomotic site (including leakage originating from suture and staple lines of neorectal reservoirs) leading to a communication of the intra- and extraluminal compartments" \[[@B12]\]. Furthermore, the ISGRC recommends considering a pelvic abscess adjacent to the anastomosis as an anastomotic failure as well \[[@B12]\]. The escape of feces into the abdominal cavity may cause fever, fecal and/or sanguineous discharge from drains, abscess formation, septicemia, metabolic disturbance, and/or multiple-organ failure \[[@B10]\]. In hemodynamically stable patients, the first-line imaging modality to detect colorectal anastomotic leakage constitutes a triple (i.e., oral-, rectal-, and intravenous-) contrast abdominal and pelvic computed tomography (CT) scan, which can subsequently guide management ranging from CT-guided percutaneous abscess drainage to further surgery. Of note, sensitivity of CT imaging following colorectal anastomosis can vary between 60 and 100%; thus, a negative CT scan does not exclude anastomotic leakage \[[@B14], [@B15]\]. A clinical deterioration of the patient is thus the main indicator of anastomotic failure. Whereas typically on the fifth postoperative day patients suffering from anastomotic leakage will present with fever, elevated white blood cell counts, elevated C-reactive protein levels, abdominal discomfort, and intestinal paralysis, notably, anastomotic dehiscence may instead be clinically silent, especially in the setting of a diverting ostomy \[[@B8], [@B12], [@B16]\]. C-reactive protein levels are the most sensitive biochemical markers for a leak, with levels \> 150 mg/l by postoperative day 3-5 worrisome \[[@B17]\]. In 2001, Bruce and colleagues suggested a grading system to categorize anastomotic leakages according to their clinical consequences: (i) *radiologic* (not leading to changes in treatment), (ii) *clinically minor* (causing prolonged hospital stay), and (iii) *clinically major* (necessitating intervention with a change in clinical management) \[[@B12]\]. Nevertheless, most authors and clinicians do not use a grading system in daily practice to categorize anastomotic leakage.

In order to reduce the anastomotic leakage rate, different pre-, intra-, and postoperative factors have been tested in the past. The aim of the present review was to briefly summarize the nonalterable factors of colorectal anastomotic leakage rates prior to evaluating alterable perioperative factors from the available Cochrane systematic reviews.

2. Methods {#sec2}
==========

2.1. Literature Search {#sec2.1}
----------------------

The Cochrane Central Register of Controlled Trials (The Cochrane Library Issue 5 of 12, May 2019 (<http://onlinelibrary.wiley.com/cochranelibrary/search>)) was searched using the following search terms: "*randomized AND* (*colonic OR colorectal OR rectal OR ileocolic OR intestinal*) *AND* (*anastomotic OR anastomosis OR anastomose*) *AND* (*failure OR leak OR leakage*)," revealing 733 hits (16 Cochrane reviews and 717 trials). Thereof, 13 Cochrane systematic reviews addressing 16 putative risk factors were identified.

For Medline/PubMed search, the following search term was used: "(colonic OR colorectal OR rectal OR ileocolic OR intestinal) AND (anastomotic OR anastomosis OR anastomose) AND (failure OR leak OR leakage)." Restricting to systematic reviews and meta-analyses, the Medline search resulted in 314 titles. The Medline search ended on the 25th of May 2019. Hereby, 11 Cochrane systematic reviews addressing 14 putative risk factors were identified.

In addition, two Cochrane systematic reviews (addressing two risk factors) were identified through unsystematic searches \[[@B4], [@B18]\] ([Figure 1](#fig1){ref-type="fig"}).

3. Results {#sec3}
==========

Twenty alterable factors potentially affecting colorectal anastomotic leakage were assessed for pre-, intra-, and postoperative interventions. Evaluated factors for management included preoperatively mechanical bowel preparation versus no bowel preparation (I), mechanical bowel preparation versus rectal enema (II), preoperative chemoradiation versus radiation alone for stage II and III resectable rectal cancer (III), hospital volume (IV), surgeon\'s volume (V), surgeon\'s specialization (VI), and primary versus staged resection for obstruction from left-sided colorectal carcinoma (VII); included intraoperatively laparoscopic vs. open approach for rectal cancer (VIII) and sigmoid diverticulitis (IX), stapled vs. handsewn colorectal (X) and ileocolic (XI) anastomosis, omentoplasty (XII), single vs. double layer anastomosis (XIII), intraperitoneal agents for preventing adhesions (XIV), prophylactic anastamotic drainage (XV), covering ostomy (in anterior resection for rectal carcinoma) (XVI), and ileostomy or colostomy for left-sided colorectal anastomosis (XVII); and included postoperatively nasogastric decompression (XVIII), early enteral nutrition (XIX), and epidural versus opioids (XX) ([Table 1](#tab1){ref-type="table"}). Among these, three factors significantly affected the incidence of anastomotic leakage: high (versus low) surgeon\'s operative volume (RR = 0.68), stapled (versus handsewn) ileocolic anastomosis (RR = 0.41), and a diverting ostomy in anterior resection for rectal carcinoma (RR = 0.32). The remaining 17 factors did not affect the incidence of anastomotic leakage.

4. Discussion {#sec4}
=============

4.1. Grouping of Risk Factors for Colorectal Anastomotic Leakage {#sec4.1}
----------------------------------------------------------------

Putative risk factors may be grouped into alterable (i.e., laparoscopic vs. open surgery, postoperative feeding) and nonalterable (age, sex, height of anastomosis, etc.) risk factors. Furthermore, putative risk factors for colorectal anastomotic leakage may be grouped into surgical techniques (i.e., handsewn versus sutured anastomosis, single versus double layer suture) \[[@B4]\] and general risk factors \[[@B19]\]. We will begin our discussion of nonalterable factors prior to closer examination of the evidence regarding alterable perioperative factors.

4.2. Nonalterable Risk Factors for Colorectal Anastomotic Leakage {#sec4.2}
-----------------------------------------------------------------

In the past, different nonalterable putative risk factors have been investigated, including sex \[[@B20], [@B21]\], age \[[@B22], [@B23]\], body mass index \[[@B20], [@B23]\], general morbidity of the patient/American Society of Anaesthesiologist Grade (ASA Grade) \[[@B13], [@B16], [@B24]\], malnutrition \[[@B13], [@B25]\], smoking \[[@B7], [@B13], [@B23], [@B26]\], elective versus emergency operation \[[@B16], [@B22]--[@B24]\], operative time \[[@B13], [@B20], [@B24]\], anemia \[[@B21], [@B27], [@B28]\], perioperative blood transfusion \[[@B13], [@B24]\], alcohol consumption \[[@B24], [@B29]\], renal disease \[[@B17]\], and height (i.e., distance to the dentate line) of the anastomosis \[[@B30]\]. As often these putative risk factors are nonalterable, they may not be assessed by randomized controlled trials. The highest level of evidence hence reflects meta-analyses including observational studies or observational studies with dramatic effects. Male sex, obesity, poor nutrition, high ASA score, advanced tumor stage, emergency surgery, smoking, comorbidities, renal disease, immune-suppressants, and history of radiotherapy are reported as preoperative nonalterable risk factors for anastomotic leakage \[[@B17]\]. Intraoperative risk factors consist of blood loss, necessity of blood transfusion, and duration of surgery longer than four hours \[[@B17]\]. Concerning the location of the anastomosis, the closer the colorectal anastomosis is to the anus, the higher the risk of leakage \[[@B30]\]; hence, extraperitoneal anastomoses show more complications than intraperitoneal colorectal anastomoses \[[@B4]\]. Other factors not assessed by RCTs are surgeon-related factors including surgeon\'s training \[[@B31]\], sleep deprivation \[[@B32]\], experience \[[@B33]\], and specialty \[[@B33]\].

4.3. Alterable Risk Factors for Colorectal Anastomotic Leakage Assessed by Cochrane Systematic Reviews {#sec4.3}
------------------------------------------------------------------------------------------------------

Given the increased morbidity, mortality, and hospital costs caused by colorectal anastomotic leaks \[[@B34]\], proper assessment of alterable risk factors must be made. This can be grouped into preoperative, intraoperative, and postoperative factors. Among putative risk factors, only some of them have been assessed by Cochrane systematic reviews.

4.4. Preoperative Risk Factors {#sec4.4}
------------------------------

### 4.4.1. Mechanical Bowel Preparation {#sec4.4.1}

Mechanical bowel preparation to empty the colon from stool to prevent complications of infection and anastomotic leakage has been practiced dogmatically for over a century; however, recently, the accepted superiority of this practice has been called to question \[[@B35]\]. Previously touted as anastomotically protective \[[@B36]\], since the 1970s, numerous studies have compared the potential protection against the patient inconvenience as well as possible dangerous side effects of electrolyte imbalances, dehydration, and inflammation \[[@B37]--[@B39]\]. The French GRECCAR III multicenter trial was the first randomized control trial regarding rectal cancer surgery with and without mechanical bowel preparation which found no difference in anastomotic leakage and major morbidity rates between the two groups (though they did find higher risk of infection and overall morbidity in the no mechanical bowel prep group) \[[@B40]\]. Cochrane review from 13 RCTs over 4633 patients revealed that preoperative mechanical bowel cleaning of the colon had no difference on the primary outcome of colorectal anastomotic leakage nor on secondary outcomes of mortality, peritonitis, reoperation, wound infection, and infectious and noninfectious extra-abdominal complications. Therefore, mechanical bowel preparation should not be performed routinely but only in particular situations (such as if intraoperative colonoscopy will be performed) \[[@B41]\]. Furthermore, mechanical bowel preparation was compared to rectal enema by the same Cochrane review including 5 RCTs with 1210 patients, which also showed no difference in outcomes \[[@B41]\].

### 4.4.2. Neoadjuvant Chemoradiation {#sec4.4.2}

Colorectal cancer is one of the most common malignant neoplasms in the Western World \[[@B42]\]. In Europe alone, more than 200,000 fatal incidences per year are reported \[[@B43]\]. A main pillar of therapy, surgical excision, is conducted whenever possible; however, studies show that excision alone is accompanied by local recurrence rates of 25% and carries a poor prognosis. It has been suggested that despite resection, the microscopic tumor remains in the suspensory apparatus of the colon \[[@B44]\], giving rise to local recurrence. Today, much lower recurrence rates can be achieved with total mesorectal excision (in rectal cancer) as well as with adjuvants of radiation and chemotherapy \[[@B45]\]. Although postoperative radiation therapy reduces local cancer recurrence as well \[[@B46]\], preoperative application has been shown to be superior as intact and well-oxygenated tissue allows for more adequate radiation doses and leads to higher tumor response \[[@B47]\]. Neoadjuvant chemoradiation can be used to both shrink and down-stage cancers, sometimes allowing for excision of prior unresectable tumors \[[@B48]\], making resection technically easier and increasing the rate of R0 resections \[[@B49]\]. Even in the setting of total mesorectal excision of rectal cancer, neoadjuvant radiation has been shown to further improve outcomes \[[@B50]\].

Cochrane review of 4 RCTs including 1151 patients analyzing the advantages of neoadjuvant chemoradiation compared to radiotherapy alone revealed a significantly lower rate of local rectal cancer recurrence after neoadjuvant chemoradiation. However, neoadjuvant chemoradiation corresponded with a higher incidence of acute toxicity. Assessing primary outcomes of disease-free survival along with secondary outcomes of overall survival and rectal anastomotic leakage rates revealed no difference between neoadjuvant radiation compared to chemoradiation therapy. There was no difference in the functional outcome (such as sphincter preservation) among the two groups \[[@B43]\].

### 4.4.3. Hospital Volume, Surgeon\'s Specialty, and Surgeon\'s Experience {#sec4.4.3}

For many years, a higher volume concentration of care has been postulated to improve patients\' outcomes in rare diseases \[[@B33]\]. In complex cancer surgeries by high-volume providers, better patient outcomes alongside improvements in training, research, and economic efficiency have led to service centralizations in many countries \[[@B51]\]. In several specializations (including colorectal surgery), a high-volume surgeon is believed to have greater experience that improves case selection as well as surgical technique and decision-making pre-, intra-, and postoperatively \[[@B52]\]. Furthermore, high-volume hospitals are believed to have an improved organization of care including a multidisciplinary teamwork approach and 24-hour availability of other specialties, as well as more research opportunities \[[@B53]\]. Cochrane review from Archampong and coworkers analyzed the effect of hospital volume, surgeon\'s specialty, and surgeon\'s experience on outcomes following colorectal surgery \[[@B33]\]. While including only nonrandomized and observational studies, 5-year survival was significantly improved for colorectal cancer patients treated by high-volume surgeons, in high-volume hospitals, or by colorectal specialists. Similarly, operative mortality was lower when high-volume or specialist surgeons were operating. Impact of hospital volume, surgeon\'s volume, and surgeon\'s specialty on the anastomotic failure rate following colorectal anastomosis was, respectively, tested by 8, 4, and 4 nonrandomized or observational studies, including more than 5000 patients for each comparison. Whereas hospital volume and surgeon\'s specialty had no effect on the colorectal anastomotic leakage rate, surgeon\'s volume was associated with a lower number of anastomotic leaks (relative risk 0.68) \[[@B33]\]. Nevertheless, quality of evidence is low, not only due to the design of included studies but also because of varying definitions of high-volume and colorectal specialists.

### 4.4.4. Treatment of Obstructing Left-Sided Colorectal Cancer {#sec4.4.4}

Gastrointestinal neoplasms are a major cause of acute large bowel obstructions \[[@B54]--[@B57]\], for which, immediate bowel decompression is crucial \[[@B55]\]. Decompression may be achieved through resection (primary or staged), diversion, or stenting. In staged resection, initial diverting ostomy precedes secondary tumor resection with tertiary attempted closure of the ostomy. Primary resection is widely preferred for right-sided colonic malignancy \[[@B57]--[@B59]\]; however, a Cochrane review by De Salvo et al. attempted to compare primary versus staged resection for left-sided colorectal malignancy \[[@B18]\]. They identified one RCT that had to be excluded due to methodological weakness.

Stent insertion for acute mechanical bowel obstruction was first described by Dohmoto in 1991 \[[@B60]\]. Since then, self-expanding metal stent (SEMS) application has found widespread acceptance particularly in palliative situations \[[@B61]\]. SEMS has been shown to significantly reduce ICU admissions, need for ostomy creation, and lengths of hospital stay and has been shown to significantly improve quality of life for palliative patients \[[@B61], [@B62]\]. Alternatively, in acute obstructions, SEMS has been used as a bridge treatment to subsequent elective surgery in order to reduce complications caused by emergency surgery \[[@B54], [@B58], [@B62], [@B63]\]. Decreased complications and decreased hospital lengths of stay following SEMS insertion have been linked to cost savings in patients with operable cancer \[[@B54]\].

The success rate of intestinal SEMS insertion for large intestine tumor obstruction is usually over 90%, and consequent decompression occurs in most cases \[[@B63]--[@B66]\]. Major complications including bowel perforation leading to peritonitis (with theoretical malignant seeding) \[[@B66]\] and postinterventional death \[[@B63]\] occur rarely. However, alternate complications such as abdominal pain \[[@B64]\], stent migration \[[@B63], [@B65]\], mild bleeding, and tumor growth into the stent \[[@B64]\] occur more frequently (incidence of 13-42%) \[[@B64], [@B66]\]. There is no Cochrane systematic review comparing colonic stents versus emergency surgery for malignant colonic obstruction. Ribeiro et al. performed a meta-analysis of 4 RCTs including 125 patients and found that mortality, length of ICU stay, and early complications of both methods were similar, whereas SEMS had the advantage of lower risk of permanent stoma and earlier hospital discharge \[[@B67]\]. Anastomotic leakage was not addressed.

4.5. Intraoperative Risk Factors {#sec4.5}
--------------------------------

### 4.5.1. Laparoscopic vs. Open Surgery {#sec4.5.1}

Laparotomy, as an invasive procedure, is associated with considerable morbidity and long convalescence \[[@B68], [@B69]\]. In 1991, Jacobs et al. first described the feasibility of colectomy by video-assisted, endoscopic surgery, without laparotomy \[[@B70]\], which offered reduced postoperative morbidity, faster oral feeding, and shorter hospital stay \[[@B71]\]. Nowadays, laparoscopy is more prevalent and applied to both simple \[[@B72]--[@B74]\] and complex \[[@B75]\] surgical cases. Although technically more difficult, after a learning curve, laparoscopic resection has shown equivalent operative results to conventional open colectomy \[[@B76]\]. Cochrane review of 10 RCTs including 2505 patients comparing laparoscopic versus open total mesorectal excision for rectal cancer showed similar disease-free and overall survival, as well as similar tumor recurrences. Operative times were shorter with the open approach; however, the laparoscopic approach had decreased blood loss and shorter hospital stay. The incidence of colorectal/coloanal anastomotic leakage was not different between groups \[[@B77]\]. Cochrane review of 3 RCTS including 349 patients comparing laparoscopic versus open resection for sigmoid diverticulitis showed shorter operative time for the open approach, whereas postoperative pain was decreased following laparoscopic surgery. Mortality and morbidity, including colonic anastomotic leakage, were similar between groups \[[@B78]\]. It should be noted that quality of evidence was graded as low to very low by the Cochrane authors.

### 4.5.2. Handsewn vs. Stapled Anastomosis {#sec4.5.2}

Over recent decades, many trials have focused on the influence of the surgical technique on anastomotic healing \[[@B4], [@B5]\]. Although systematic review of 1233 colorectal surgical patients in 9 RCTs comparing stapled to handsewn anastomosis shows no clear evidence of overall superiority \[[@B4]\], handsewn ileocolic anastomosis did correlate with more leaks than stapled anastomosis \[[@B5]\]. Correlating alongside the increased leak rate, ileal pouch anal anastomoses are also found to have increased learning curves when one compares handsewn versus stapled anastomotic approaches---this increased provider familiarity/technical ease of stapled ileal-anal anastomosis over handsewn has been postulated to be a confounder towards the higher handsewn leak rates \[[@B79]\]. Similarly, many colorectal surgeons report stapled anastomosis advantages of lower complication rates and shorter operative times \[[@B80]\]. Furthermore, some speculate that a higher number of leaks in handsewn colorectal anastomosis may result in a higher incidence of tumor recurrence and cancer-specific mortality \[[@B7]\]. Therefore, in daily practice, many surgeons base their decision of performing stapled or handsewn anastomosis on their personal preference and experience \[[@B80]\].

### 4.5.3. Single vs. Double Layer Sutured Anastomosis {#sec4.5.3}

With varying methods to restore continuity in any intestinal anastomosis, surgeon preference generally guides care. In the setting of a manual anastomosis, approaches differ in technique and suture material. Regarding suturing technique, anastomoses may be single or double layer, which may be constructed in a continuous (faster and material-conserving) or an interrupted (slower and less narrowing) manner, which can be performed inverted or adapted or everted and may include either a portion or the entirety of the intestinal wall. For inverting stiches, the mucosa remains in the lumen, whereas everting suture protrudes the mucosa on the outside \[[@B81]\]. Regarding suturing material, characteristics can differ by absorbability (fast to slow absorbable and nonabsorbable) and filamentary structure (monofilament consisting of polydioxanone and multifilament made of silk, polycolic acid, polypropylene, or polyglactin). Cochrane systematic review of 7 RCTs including a total of 842 patients comparing single and double layer handsewn colorectal anastomoses revealed no difference regarding anastomotic leakage rate and mortality between the techniques. However, construction of single layer anastomosis was significantly shorter and consequently more cost-efficient \[[@B82]\].

### 4.5.4. Omentoplasty {#sec4.5.4}

The greater omentum is a free hanging apron consisting of highly vascularized fat tissue \[[@B83]\]. Its beneficial characteristics have been described as early as the Napoleonic Wars \[[@B84]\]. Its use to cover abdominal wounds induced adhesions and thereby contained infection and prevented fatal peritonitis \[[@B84]\]. Therefore, a technique called "omentoplasty" was developed, using the greater omentum to cover the anastomosis \[[@B85]\]. Use of omentoplasty in intestinal anastomoses since the 1960s has been controversial, with proponents claiming anastomotic protection and opponents reporting disruption from adhesions and necrosis \[[@B83], [@B85]--[@B87]\]. There is currently no published Cochrane systematic review addressing the effect of omentoplasty following colorectal anastomosis, despite a Cochrane Protocol that has been published in 2008 \[[@B88]\]. Non-Cochrane meta-analysis of 3 RCTs including 943 patients found a reduced clinical anastomotic leakage rate in the omentoplasty group. Notably, the radiological anastomotic leakage, death, and reoperation rate were not different among groups. Given the sparse sample size, no final conclusion regarding routine use of omentoplasty was made \[[@B89]\].

### 4.5.5. Intraperitoneal Agents for Preventing Adhesions {#sec4.5.5}

Intra-abdominal adhesions describe abnormal connections between peritoneal surfaces and usually occur following abdominal surgery in up to 95% of laparotomy patients \[[@B90]\]. They account for about two-thirds of all small bowel obstructions \[[@B91]\]. Treating surgeons are confronted with difficult access, distorted anatomy, prolonged operative time, and higher likelihood of conversion to open procedure \[[@B92]\]. Several different interventions aimed at preventing adhesion formation following abdominal surgery have been tested utilizing different fluid and solid phase agents \[[@B93]\]. These intraperitoneally applied agents should act as barriers between peritoneal surfaces. Cochrane review of 4 RCTs including 2164 patients found that intraperitoneal application of hyaluronic acid/carboxymethyl cellulose membrane reduced the incidence, severity, and extent of adhesions, but not the incidence of bowel obstructions or need for reoperation. The rate of anastomotic leakage was not affected by intraperitoneal application of these agents \[[@B93]\].

### 4.5.6. Prophylactic Anastomotic Drainage {#sec4.5.6}

Prophylactic drains have been described since Hippocrates \[[@B94]\]. Their use in colonic resection was promoted in the late 19^th^ century by Sims and Billroth \[[@B95]\], who argued that drains served both therapeutic and diagnostic purposes by draining fluids and preventing superinfection and subsequent abscess formation \[[@B95]\]. Furthermore, bleeding and infectious complications may be identified earlier through sanguineous or feculent/purulent drain output \[[@B95], [@B96]\]. However, evacuation of fluids from the abdominal cavity has been shown to increase fluid (i.e., ascites) production \[[@B97]\], allow for outside introduction of pathogens, cause foreign material reactions (with associated peritonitis), and even cause mechanical erosion of the colonic anastomosis \[[@B98], [@B99]\]. Berliner et al. further experimentally reported that the drains prohibit the omentum from placing itself around the colonic anastomosis and thus induce anastomotic leakage \[[@B98]\]. Smith et al. observed the best healing of colonic anastomoses occurring when no drain was placed and that while latex drains inhibited local healing and PVC, Silastic and Teflon drains achieved intermediate results \[[@B100]\]. In practice, some surgeons still use drains according to their own preference. Cochrane systematic review of 2 RCTs including 809 patients revealed no difference in the colorectal anastomotic leakage rate following prophylactic drain placement \[[@B101]\]. Thus, in elective colon surgery, evidence does not support routine use of prophylactic drains.

### 4.5.7. Diverting Ostomy {#sec4.5.7}

Diverting ostomy describes an artificial opening of the intestine to the skin. Historical reports of its use go back to the 18^th^ century, where stomas were used to relieve intestinal obstruction. Contemporary construction of an ostomy is often temporary with an intent to protect a downstream anastomosis by keeping the area clean from stool passage \[[@B102], [@B103]\]. The goal of creating a diverting ostomy is hence to reduce rates of clinically apparent colorectal anastomotic leakage and to decrease severe complications and reoperation rates \[[@B103]--[@B106]\]. However, diverting ostomies are associated with considerable morbidity, patient inconvenience, and hospital cost \[[@B107]\]. Moreover, described complications include stoma prolapse \[[@B108]\], stoma retraction \[[@B109], [@B110]\], intestinal adhesions \[[@B108]\], stenosis \[[@B107], [@B109]\], necrosis of bowel at the ostomy site \[[@B109]\], irritation of the surrounding skin \[[@B109]--[@B111]\], parastomal hernia \[[@B111]\], parastomal fistula \[[@B109], [@B110]\], and wound infections following stoma closure \[[@B95]\]. Furthermore, difficulties with stoma care may lead to isolation of patients and impairment of quality of life \[[@B109], [@B112]\]. For these reasons, many have suggested that diverting ostomy should only be performed in high risk circumstances \[[@B113]\], such as in total mesorectal excision and low anastomosis \[[@B114]\], impaired general state of health after neoadjuvant chemoradiation, steroid therapy, or underlying disease \[[@B105]\], and intraoperative difficulties or longer operative time \[[@B105]\]. To better assess, Cochrane systematic review of 6 RCTs with 648 patients undergoing low anterior resection and total mesorectal excision for rectal neoplasia revealed superiority of diverting ostomy in terms of clinically apparent leakage and reoperation rates. Regarding overall mortality, however, no difference was shown between groups with diverting ostomy and those without. These data were limited by low sample sizes, lack of independent outcome evaluators, inadequate allocation concealment, and poor methodological quality; thus, results must be interpreted with caution \[[@B115]\].

### 4.5.8. Type of Ostomy {#sec4.5.8}

Further controversy exists regarding the most optimal type of ostomy, either an ileostomy or colostomy. It has been argued that colostomies should be associated with higher infection rates than ileostomies because bacterial counts in the small intestine are less than 1% of fecal bacterial counts, while the output from a colostomy more closely approximates normal feces \[[@B116]\]. Survey assessments report colostomies impair quality of life more than ileostomies due to more extensive odor, negative influence on appetite, and hygiene problems \[[@B111], [@B112]\]. In contrast, ileostomies have been shown to lose more fluid and electrolytes than colostomies \[[@B109]\]. Cochrane systematic review of 4 RCTs with a total of 250 patients comparing the ileostomy and colostomy for temporary decompression of left-sided colorectal anastomosis revealed no difference in anastomotic leakage, reoperation rate, wound infection, and mortality. Although stoma prolapse was more frequent in the colostomy group, according to the authors, this minor complication did not provide enough evidence to recommend one ostomy type over the other \[[@B102]\].

4.6. Postoperative Risk Factors {#sec4.6}
-------------------------------

### 4.6.1. Prophylactic Nasogastric Decompression {#sec4.6.1}

Despite early descriptions of gastric tubes during the late 18^th^ century (127), postoperative gastric tube decompression was not applied to the general practice until the 20^th^ century. Since the revisited description by Levin in 1921 and with subsequent promotion by Waldensteen in 1933, nasogastric decompression has become widely used following major gastrointestinal surgery. Early interventionalists hoped to prophylactically evacuate stomach contents to achieve a relevant reduction of emesis and gastric distention \[[@B117], [@B118]\]. Alternative theoretical advantages such as decreased pulmonary aspirations \[[@B119]\], decreased incisional hernias, earlier bowel recovery \[[@B120]\], reduced anastomotic leakage, reduced overall complication rates, and reduced mortality \[[@B121]\] have similarly been refuted \[[@B117]\]. Some studies have gone further to point out that routine nasogastric decompression is uncomfortable, unnecessary, and possibly even harmful \[[@B122]\]. Nevertheless, its use remains ubiquitous in practice. An updated meta-analysis of 16 RCTs with a total of 2504 patients did not provide enough evidence to justify routine postoperative nasogastric decompression \[[@B123]\] Although, decompression reduced episodes of emesis, routine tube insertion was also associated with notable inconvenience and morbidity, including delayed bowel recovery and increased pulmonary complications \[[@B123]\]. No difference was found after nasogastric decompression regarding colonic anastomotic leakage. Overall, evidence does not support routine use of prophylactic postoperative nasogastric decompression, which should only be advisable in certain clinical situations \[[@B123]\].

### 4.6.2. Early Enteral Nutrition {#sec4.6.2}

"Nil by mouth" is a concept that was brought to surgery by the 19^th^ century. It traditionally consists of preoperative fasting the night before surgery and continues until bowel function returns. Theoretically, this practice improves anastomotic healing by minimizing stool passage \[[@B124]\] and reduces the risk of pulmonary aspiration and pneumonia perioperatively while anesthesia suppresses protective reflexes \[[@B63], [@B125]\]. However, clinical trials have shown that healthy individuals can endure clear fluids until two hours before operation without increased risk \[[@B126]\]. Similarly, early nutritional intake has been found to actually be well tolerated \[[@B127]\] and instead allows faster wound healing and more resistant anastomoses. This effect is thought to be due to increased availability of anabolic components, especially proteins \[[@B128], [@B129]\]. Moreover, studies have shown that early enteral feeds are associated with greater retained immunocompetence, reduced rates of infectious and septic complications \[[@B130]\], faster bowel recovery, better maintenance of muscle function, and shorter hospital stay \[[@B126]\]. A Cochrane meta-analysis update of 13 RCTs with 1232 patients comparing postoperative oral intake within 24 hours against traditional postoperative "nil by mouth" showed early feed superiority regarding length of hospital stay with complications and mortality similar between groups \[[@B131]\]. Accordingly, early enteral feeding did not affect the lower gastrointestinal anastomotic leakage rate.

### 4.6.3. Epidural Anesthesia {#sec4.6.3}

Increased interest in enhanced recovery after surgery (ERAS) has brought increased use of epidural analgesia (EA). EA use, consisting of intrathecal application of local anesthetic agents and opioids, is associated with decreased use of systemic opioids (with consequently decreased influence on intestinal dysmotility) \[[@B132], [@B133]\]. EA use in gastrointestinal surgery is further associated with lower pain scores \[[@B133], [@B134]\], earlier return of bowel function \[[@B133]--[@B135]\], and shorter hospital stay \[[@B136]\]. Overall side effects of EA are rare \[[@B133]\] and include hypotension due to sympatholytic effects leading to peripheral vasodilatation \[[@B133], [@B137]\] and urinary retention \[[@B133]\]. Major complications of epidural abscess, persistent neural lesions (0.008%), and bleeding remain unusual \[[@B138], [@B139]\]. Cochrane review of 17 RCTs including 848 patients showed that EA use led to earlier return of gastrointestinal transit and reduced postoperative pain. Incidence of colorectal anastomotic leakage was not affected by EA \[[@B140]\].

5. Conclusion {#sec5}
=============

In summary, colorectal anastomotic leakage, while often significant, can be broken down into nonalterable preexistent risks for the patient, as well as alterable factors. As further study and improved evidence are gathered regarding mutable risk factors, perioperative colorectal patient care can continue to be best optimized. Among risk factors for colorectal anastomotic leakage, utilizing high-volume operative surgeons, a stapled technique for ileocolic anastomosis, and a diverting ostomy (either ileostomy or colostomy) in surgical resection for rectal carcinoma are each shown to decrease the incidence of anastomotic failure.
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###### 

Cochrane systematic reviews addressing the incidence of anastomotic leakage in colorectal surgery.

  Significant/pre-, post-, postop factor   Year   Putative risk factor                                                                                                                                                                 Systematic review                       Outcome                            Leak = primary outcome?   Included studies   Participants   Anastomotic leakage (treatment group)   Anastomotic leakage (control group)   Odds ratio (CI; *P* value)           Location of anastomosis
  ---------------------------------------- ------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ --------------------------------------- ---------------------------------- ------------------------- ------------------ -------------- --------------------------------------- ------------------------------------- ------------------------------------ -------------------------------
  Yes                                      2011   Stapled (treatment) versus handsewn (control) methods for ileocolic anastomoses \[[@B5]\]                                                                                            Treatment = stapled                     Anastomotic leak                   Yes                       7                  1125           2.5% (11/441)                           6.1% (42/684)                         0.48 (CI 0.24-0.95; *P* 0.03)        Ileocolic
  Control = handsewn                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  Yes                                      2010   Covering ostomy in anterior resection for rectal carcinoma \[[@B115]\]                                                                                                               Treatment = covering ostomy             Anastomotic leak                   Yes                       6                  648            6.3% (21/332)                           19.6% (62/316)                        0.28 (CI 0.16-0.47; *P* \< 0.0001)   Rectal
  Control = no covering ostomy                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  Yes                                      2012   Impact of surgeon\'s operative volume on outcome after colorectal cancer surgery \[[@B33]\]                                                                                          Treatment = high volume                 Anastomotic leak                   No                        4                  5128           4.3% (112/2576)                         6.3% (162/2552)                       0.67 (CI 0.49-0.92; *P* 0.012)       Colorectal
  Control = low volume                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  No                                       2012   Impact of hospital volume on outcome after colorectal cancer surgery \[[@B33]\]                                                                                                      Treatment = high volume                 Anastomotic leak                   No                        8                  9530           6.5% (355/5435)                         4.3% (176/4095)                       1.18 (CI 0.87-1.58; *P* 0.29)        Colorectal
  Control = low volume                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  No                                       2012   Impact of surgeon\'s specialization on outcome after colorectal cancer surgery \[[@B33]\]                                                                                            Treatment = specialist                  Anastomotic leak                   No                        4                  9173           3.5% (195/5631)                         3.8% (134/3542)                       0.87 (CI 0.49-1.55; *P* 0.64)        Colorectal
  Control = no specialist                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  No                                       2011   Mechanical bowel preparation for elective colorectal surgery \[[@B41]\]                                                                                                              Treatment = bowel prep                  Anastomotic leak                   Yes                       13                 4633           4.4% (101/2275)                         4.6% (103/2258)                       0.99 (CI 0.74-1.31; *P* 0.05)        Colon and rectum
  Control = no bowel prep                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  No                                       2011   Mechanical bowel preparation for elective colorectal surgery \[[@B41]\]                                                                                                              Treatment = bowel prep                  Anastomotic leak                   Yes                       5                  1210           4.4% (27/601)                           3.4% (21/609)                         1.32 (CI 0.74-2.36; *P* 0.34)        Colon and rectum
  Control = rectal enema                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  No                                       2013   Preoperative chemoradiation versus radiation alone for stage II and III resectable rectal cancer \[[@B43]\]                                                                          Treatment = chemoradiation              Anastomotic leak                   No                        4                  1151           5.3% (31/588)                           4.8% (27/563)                         1.1 (CI 0.62-1.84; *P* 0.81)         Rectum
  Control = radiation alone                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  n.a.                                     2004   Curative surgery for obstruction from primary left colorectal carcinoma: primary or staged resection? \[[@B18]\]                                                                     Treatment = primary resection           Anastomotic leak                   n.a.                      0                  0              n.a.                                    n.a.                                  n.a.                                 Left colorectal
  Control = staged resection                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  No                                       2014   Laparoscopic versus open total mesorectal excision for rectal cancer \[[@B77]\]                                                                                                      Treatment = laparoscopic                Anastomotic leak                   No                        10                 2505           7.7% (108/1410)                         6.3% (69/1095)                        1.01 (CI 0.73-1.4; *P* 0.94)         Rectum
  Control = open                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  No                                       2017   Laparoscopic versus open resection for sigmoid diverticulitis \[[@B78]\]                                                                                                             Treatment = laparoscopic                Reoperation for anastomotic leak   No                        3                  349            3.9% (7/180)                            5.3% (9/169)                          0.72 (CI 0.29-1.95; *P* 0.55)        Rectosigmoid (diverticulitis)
  Control = open                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  Control = handsewn                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  No                                       2017   Laparoscopic versus open resection for sigmoid diverticulitis \[[@B78]\]                                                                                                             Treatment = laparoscopic                Reoperation for anastomotic leak   No                        3                  349            3.9% (7/180)                            5.3% (9/169)                          0.72 (CI 0.29-1.95; *P* 0.55)        Rectosigmoid (diverticulitis)
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  No                                       2012   Stapled versus handsewn methods for colorectal anastomosis surgery \[[@B4]\]                                                                                                         Treatment = stapled                     Anastomotic leak                   Yes                       9                  1233           13% (81/622)                            13.4% (82/611)                        0.97 (CI 0.7-1.35; *P* 0.84)         Colorectal
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  n.a.                                     2008   Omentoplasty for the prevention of anastomotic leakage after colonic or rectal resection \[[@B88]\]                                                                                  Treatment = omentoplasty                n.a.                               n.a.                      n.a.               n.a.           n.a.                                    n.a.                                  n.a.                                 n.a.
  Control = no omentoplasty                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  No                                       2012   Single (treatment) layer versus double (control) layer suture anastomosis of the gastrointestinal tract \[[@B82]\]                                                                   Treatment = single layer                Anastomotic leak                   Yes                       7                  842            6.1% (25/408)                           8.5% (37/434)                         0.76 (CI 0.44-1.32; *P* 0.33)        Whole GI tract
  Control = double layer                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  No                                       2009   Intraperitoneal prophylactic agents for preventing adhesions and adhesive intestinal obstruction after nongynaecological abdominal surgery \[[@B93]\]                                Treatment = prophylactic agents         Anastomotic leak                   No                        5                  2164           4.0% (43/1066)                          2.4% (26/1098)                        1.61 (CI 0.69-3.71; *P* 0.27)        Whole GI tract
  Control = no prophylactic agents                                                                                                                                                                                                                                                                                                                                                                                                                                                               
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  No                                       2004   Prophylactic anastomotic drainage for colorectal surgery \[[@B101]\]                                                                                                                 Treatment = drainage                    Anastomotic leak                   Yes                       2                  809            1.7% (7/403)                            1.2% (5/406)                          1.42 (CI 0.45-4.4; *P* 0.56)         Colorectal
  Control = no drainage                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  No                                       2007   Ileostomy or colostomy for temporary decompression of left-sided colorectal anastomosis \[[@B102]\]                                                                                  Treatment = ileostomy                   Anastomotic leak                   n.a.                      4                  250            9% (11/127)                             12% (15/123)                          0.72 (CI 0.36-1.47; *P* 0.52)        Left-sided colorectal
  Control = colostomy                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  No                                       2007   Prophylactic nasogastric decompression after abdominal surgery (subanalysis colon surgery) \[[@B123]\]                                                                               Treatment = nasogastric decompression   Anastomotic leak                   Yes                       6                  1122           1.7% (10/558)                           1.6% (9/564)                          1.13 (CI 0.46-2.74; *P* 0.79)        Colon
  Control = no decompression                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  No                                       2018   Early enteral nutrition within 24 h of lower gastrointestinal surgery versus later commencement of feeding for length of hospital stay and postoperative complications \[[@B131]\]   Treatment = early enteral nutrition     Anastomotic leak                   Yes                       13                 1232           3.3% (20/612)                           4.7% (29/620)                         0.68 (CI 0.39-1.23; *P* 0.21)        Colorectal
  Control = later enteral nutrition                                                                                                                                                                                                                                                                                                                                                                                                                                                              
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  No                                       2016   Epidural local anesthetics versus opioid-based analgesic regimens for abdominal surgery \[[@B140]\]                                                                                  Treatment = epidural                    Anastomotic leak                   No                        17                 848            3.6% (16/433)                           5.3% (22/415)                         0.69 (CI 0.35-1.32; *P* 0.26)        Whole GI tract
  Control = opioids                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
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